The group 3 class of Lea proteins is expressed both in seeds and in drought-stressed tissues, where they are thought to play a role as desiccation protectants (reviewed by Mundy and Skriver, 1990) . In wheat, there is experimental evidence that expression of Lea 3 is correlated with resistance to drought stress (Ried and Walker-Simmons, 1993) . Lea group 3 proteins are distinguished by a tandemly repeated 11-amino acid motif (Dure et al., 1989) . Comparing these proteins from a variety of plants, Dure (1993) has proposed a model for the structure of the tandemly arrayed units and for the possible function of these proteins in desiccation protection.
In an earlier paper (Thomann et al., 1992) , we described MLG3, an ABA-responsive embryo maturation protein that w a s a n t i g e n i c a l l y r e l a t e d to t h e L e a group 3 p r o t e i n from wheat. Using a cDNA of wheat Lea group 3, we isolated a full-length 1.1-kb cDNA (pMlg3) from maize (Zea mays L.). The clone has one open reading frame of 666 bases. pMlg3 detected a single hybridizing band in genomic Southern blots, consistent with our genetic evidence for a single locus (Thomann et al., 1992) .
The predicted translation product of Mlg3 contains a tandemly repeated 11-amino acid motif having apolar residues (chiefly Ala and Thr) at positions 1, 2, 5, and 9; positively charged amino acids (chiefly Lys) at positions 6 and 8; and negative charges or amide residues at positions 3, 7, and 11 (Table I ). MLG3 has nine conserved repeat units, one degenerate repeat, and a truncated repeat. The maize Lea group 3 protein also shares strong homologies with the wheat and barley proteins in both C-terminal and N-terminal peptide sequences. Data base searches did not reveal any known function for these peptide sequences, although their conservation suggests that they are of structural importance. The predicted mass (22.9 kD) is less than the 27 to 29 kD estimated by SDS-PAGE mobility (Thomann et al., 1992) . This discrepancy, found for other Lea 3 proteins (Ried and Walker-Simmons, 19931 , has been attributed to anomalous electrophoretic behavior due to the proteins' unique composition and charge characteristics (Hong et al., 1988) . Sequence and predicted translation product comparison with barley and wheat group 3 Lea cDNAs (Hong et al., 1988; Curry et al., 1991) . The predicted 22.9-kD maize protein is significantly similar to these in molecular mass, basic pl (9.68), and 11 -amino acid tandem repeat structure. Techniques:
AZapll (Stratagene) cDNA library constructed with poly(Af) RNA from maturation-phase embryos screened with the cDNA insert of pMA2005 encoding wheat Lea 3. Sequencing of each strand was done both manually and by automated methods (Applied Biosystems). Sequences were analyzed and checked against data base libraries using Intelligenetics, version 5.4, software package. Expression and Regulation:
Mlg3 i s expressed during maturation phase in developing seeds and in drought-stressed leaves. The pattern of MLG3 protein accumulation reflects the changes in mRNA level. MLC3 can be induced in cultured immature embryos by treatment with either ABA or osmotic stress, and it appears to be governed by two discrete regulatory pathways.
In our previous study of MLG3 protein, we found that levels remained low in early embryo development and dramatically increased during late maturation, coincident with the acquisition of embryo desiccation tolerance. High levels of the protein could be induced to accumulate precociously in young embryos that were excised and cultured in the presence of either 10 WM ABA or in high osmoticum. Like some other Lea proteins, MLG3 also could be shown to accumulate during drought stress in seedling shoots (Thomann et al., 1992) , as well as in drought-stressed mature leaves (J. Sollinger and C.N. White, unpublished observations). These patterns of protein accumulation reflect the levels of Mlg3 message, as measured on northern blots. The transcript abundance increases greatly during late White and Rivin Plant Physiol. Vol. 108, 1995 maturation and its leve1 remains high, suggesting that either message stability or steady-state transcription plays a role in maintaining m R N A abundance throughout the remainder of maturation a n d seed desiccation.
The roles of ABA a n d the Vp1 gene product in the drought-stress response were tested by asking whether osmotic stress could induce MLG3 expression in excised pre-maturation viviparous mutant embryos, which were defective either in ABA synthesis (up5) o r ABA response (upl) (Rivin a n d Grudt, 1991) . Culturing in a high osmotic u m induced the accumulation of MLG3 in wild-type embryos and, surprisingly, in both the up5 and upl embryos. ( We previously reported the absence of MLG3 i n osmoticum-cultured up5 embryos, b u t this has been shown to be an artifact of genotype-enhanced proteolytic activity.) From these data we infer that the regulation of MLG3 expression may operate via a t least t w o pathways, one requiring ABA directly a n d a second that can be induced b y drought stress independently of de novo ABA synthesis. A t least one of these pathways does not require a functional Vpl gene product. Severa1 genes showing this combinatorial type of regulation in response t o dessication have been reported (Guerrero et al., 1990; YamaguchiShinozaki et al., 1992;  reviewed by Bray, 1993) . The promoter of one of these genes contains ABA (ABRE) and drought response elements that bind distinctly different nuclear proteins when assayed b y gel retardation and D N A footprinting analysis (Yamaguchi-Shinozaki and Shinozaki, 1994) . Whether MLG3 shares these characteristics of combinatorial control awaits isolation of the genomic clone and dissection of its promoter function.
